INTRODUCTION
============

Syphilis is an infectious and sexually transmitted disease caused by the bacteria *Treponema pallidum*. It is transmitted vertically from mother to the fetus during pregnancy. It can result in miscarriage, late fetal losses, neonatal death, sick or asymptomatic neonates, and lead to severe complications if left untreated.[@r16] A meta-analysis study reported negative outcomes in 66.5% (95%CI 58.0;74.1) of the pregnant women with syphilis and in 14.3% (95%CI 11.8;17.2) of those without diagnosis of syphilis, i.e., a higher frequency of adverse events was observed among infected pregnant women.[@r7]

An estimated 1.8 million pregnant women worldwide are infected with syphilis and \< 10.0% are diagnosed and treated.[@r3] The strategy for eliminating congenital syphilis was launched by the World Health Organization (WHO) in 2007[@r19] and reinforced in 2012,[@r20] when it was associated with strategies for the prevention of vertical transmission of HIV. The Pan American Health Organization[@r13] aims to eliminate congenital syphilis in the Americas; elimination is defined as the occurrence of \< 0.5 case per 1,000 live births. In Brazil, this goal has been adopted by the Ministry of Health.

Fifteen countries are considered high priority for the control of congenital syphilis; these include Brazil, because of its population size and prevalence of syphilis in pregnancy.[@r3] The sentinel surveillance study conducted in 2004 used probability sampling and blood collection for the performance of serological tests and estimated a prevalence of syphilis in pregnancy of 1.6% (95%CI 1.3;1.9).[^a^](#fn2){ref-type="fn"} A new sentinel surveillance study was performed in 2006 using probability sampling, but used secondary data from prenatal care cards and hospital records, and estimated a prevalence of 1.1%.[@r17] On the basis of these studies, it is estimated that approximately 48,000 cases of syphilis occur during pregnancy per year in Brazil.[^b^](#fn3){ref-type="fn"}

Data from epidemiological bulletins of STD/AIDS from the Ministry of Health[^b^](#fn3){ref-type="fn"} show that the number of reported cases of syphilis in pregnancy increases every year. In 2011, it corresponded to 14,321 cases, but it is still lower than the estimated number of cases. This result highlights the limitations in diagnosis and/or disease notification. More than 9,000 cases of congenital syphilis were reported in Brazil in 2011, with an incidence of 3.3 cases per 1,000 live births. National studies reported deficiencies in prenatal care for the control of syphilis in pregnancy as well as missed opportunities for its diagnosis and treatment.[@r6] ^,^ [@r15] ^,^ [@r17] In this respect, previous studies involving postpartum women in other countries highlight the missed opportunities of testing for syphilis infection.[@r18] An adequate diagnosis during pregnancy is a major challenge for the control of congenital syphilis.[@r1] ^,^ [@r14]

The present study aimed to determine the testing coverage rate for syphilis during prenatal care and the prevalence of syphilis in pregnancy.

METHODS
=======

A hospital-based cohort study designated "Birth in Brazil: national survey on child delivery and birth",[@r10] involving 23,894 women was performed between February 2011 and October 2012, and aimed to evaluate the conditions of child delivery and infant care in Brazil and the results of such care. A detailed description of the methods is available in Leal et al[@r10] (2012).

To calculate sample size, the rate of cesarean deliveries was calculated and estimated to be 46.6%, with a 5% significance to detect differences of 14.0% between the health care service types, using a confidence interval of 95% and design effect of 1.3. This resulted in a minimum sample of 450 women per stratum.

The sample was selected in three stages. In the first stage, hospitals with \> 500 deliveries per year were stratified according to the five geographical regions of Brazil (North, Northeast, South, Southeast, and Midwest), by location (countryside and capitals) and by health care service type (public, mixed, and private), with a selection probability that was proportional to the number of births in 2007 in each stratum. In the second stage, a method of inverse sampling was used to select the number of days required (minimum of seven) to interview 90 postpartum women in each hospital. In the third stage, eligible women were selected at each day of fieldwork.

The group considered eligible for the study comprised mothers with hospital-based deliveries of a live fetus of any gestational age or weight, or dead fetus of gestational age \> 22 weeks or weight \> 500 grams.

Interviews with the mothers were conducted during hospitalization after a period of at least 6h after delivery. Sampling losses because of refusals or hospital discharge were replaced with postpartum women from the same hospital. Data from the medical files of the puerperal woman and newborn were obtained at the time of hospital discharge. In case of prolonged hospitalization, data from medical files were obtained at the 42^nd^ day of hospitalization in the case of the puerperal women or the 28^th^ day of life in the case of the newborns. Electronic forms developed specifically for this study were used for the interviews and for data extraction from the medical records. When available, prenatal care cards were digitally photographed, and data were subsequently extracted and entered into an online platform by a group of students and health professionals trained and supervised by the coordinating research team.

Data recorded on the prenatal care cards related to the two routine tests recommended by the Ministry of Health (one in the first prenatal care visit and the second early in the third trimester) were used to evaluate the testing coverage rate for syphilis. The considered serological tests comprised those that yielded reactive or non reactive results for syphilis.

For the diagnosis of syphilis in pregnancy, the occurrence of one of these situations was considered: record of a reactive serological test on the prenatal card or hospital medical file, regardless of the titration values; record of syphilis diagnosis on the prenatal card or hospital medical file; or case of congenital syphilis as an outcome from the current pregnancy.

The following variables were analyzed to assess prenatal care: health care coverage, proportion of postpartum women who reported having received prenatal care cards, proportion of postpartum women who brought the prenatal care card at admission for childbirth, proportion of postpartum women having the first and second syphilis serological test results recorded in their prenatal care cards.

Data related to prenatal care and syphilis infection were analyzed according to maternal characteristics: region of residence (North, Northeast, Southeast, South, and Midwest), age in years (12-19, 20-34, ≥ 35 years), education in years (≤ 7, 8-10, 11-14, ≥ 15 years), self-reported skin color (white, black, mixed, Asian, indigenous), type of prenatal care service (public or private), type of child delivery care service (public, private, or mixed). Mixed units were considered as those that assisted women with public or private funds for child delivery care.

Data weighting was calculated using the inverse of the probability of inclusion of each postpartum woman in the sample. To ensure that the distribution of the puerperal women interviewed was similar to that observed among the births in the population sampled in 2011, a calibration procedure was used in each selection stratum. In all the statistical analyses, the complex sampling design was taken into consideration. The Chi-square test was used to assess differences between proportions.

This study was approved by the Research Ethics Committee of the *Escola Nacional de Saúde Pública* (ENSP/FIOCRUZ 92/2010). All measures were taken to ensure secrecy and confidentiality of information. All participants signed a digital free and informed consent form.

RESULTS
=======

A total of 23,894 women were interviewed. Of the postpartum women selected to participate in the study, 5.7% were not interviewed because of refusal to participate or early hospital discharge, and were replaced with other postpartum women from the same hospital.

Most postpartum women resided in the Southeast (42.5%) and Northeast (28.9%) regions, which are the most populated regions in Brazil. The lowest proportion of participants (6.5%) was located in the Midwest region. The mean age of participants was 25.7 years; 19.1% were adolescents and 10.5% were aged ≥ 35 years. Most participants self-reported their skin color as mixed, while East Asian and indigenous groups represented a small proportion of the total sample (1.1% and 0.4%, respectively). In addition, 50.0% respondents had ≤ 10 years of education and 8.9% had university education. Most women received prenatal care in public health care units and 14.5% gave birth in private health care units ([Table 1](#t01){ref-type="table"}).

Table 1Demographic and social profiles and the use of prenatal and child delivery care units among the postpartum women interviewed. Brazil, 2011-2012.Maternal profilen%Region of residence   North2,2969.6 Northeast6,90428.9 Southeast10,15542.5 South2,98412.5 Midwest1,5556.5Maternal age (years)   12 to 194,57019.1 20 to 3416,80770.4 ≥ 352,50910.5Years of education   0 to 76,32226.6 8 to 106,08525.6 11 to 149,26339.0 ≥ 152,1098.9Self-reported skin color   White8,07933.8 Black2,0518.6 Mixed13,40356.1 East Asian2571.1 Indigenous990.4Type of prenatal care service   No prenatal care3191.3 Public17,57573.6 Private5,97125.0Type of child delivery care service Public9,83641.2 Mixed10,59644.3 Private3,46214.5Total23,894100.0

Furthermore, 98.7% postpartum women reported having had prenatal care, 96.0% reported having received prenatal care cards during pregnancy, and 71.6% brought the prenatal card during hospital admission for childbirth. Of the prenatal cards analyzed, 89.1% contained the results of the first serological test and 41.1% contained the results of the second serological test ([Table 2](#t02){ref-type="table"}).

Table 2Data from prenatal care and serological tests for syphilis according to maternal characteristics and the type of prenatal and child delivery care units. Brazil, 2011-2012.Maternal profilenPrenatal care (N = 23,894)Received prenatal care cards (N = 23,555)Brought the prenatal card at hospital admission (N = 23,555)Result of the first serological test for syphilis (N = 16,899)Result of the second serological test for syphilis (N = 16,899)%p%p%p%p%pRegion  0.006   \< 0.001 \< 0.001 \< 0.001 North2,29697.5 97.90.13064.2 79.5 29.2  Northeast6,90498.5 94.9 67.9 84.8 31.0  Southeast10,15598.8 96.3 77.5 91.8 44.5  South2,98499.5 97.1 79.7 94.9 56.7  Midwest1,55598.7 94.2 45.1 86.1 42.8 Maternal age (years) 0.497 \< 0.001 \< 0.001 \< 0.001 \< 0.001 12 to 194,57098.5 98.7 74.7 85.8 36.8  20 to 3416,80798.7 95.8 71.7 89.6 42.0  ≥ 352,50998.7 92.4 65.9 92.0 44.1 Years of education  \< 0.001 \< 0.001 \< 0.001 \< 0.001 \< 0.001 0 to 76,32296.9 98.9 76.2 84.8 33.3  8 to 106,08598.8 98.0 74.5 88.6 41.8  11 to 149,26399.5 95.7 71.0 91.8 45.7  ≥ 152,109100 83.2 52.7 93.7 45.6 Self-reported skin color 0.001 \< 0.001 0.422 \< 0.001 \< 0.001 White8,07999.2 94.2 70.3 91.9 45.4  Black2,05198.1 98.4 73.4 85.1 38.4  Mixed13,40398.5 96.8 72.1 88.1 39.2  East Asian25798.3 93.5 73.9 83.6 34.2  Indigenous9995.0 98.2 80.1 91.3 38.4 Type of prenatal care service   \< 0.001 \< 0.001 0.001 0.756 Public17,575  99.3 76.3 88.4 41.0  Private5,971  86.3 58.0 91.9 41.8 Type of child delivery care service\< 0.001 \< 0.001 \< 0.001 0.001 0.004 Public9,83697.8 99.0 73.9 86.6 36.8  Mixed10,59699.1 97.8 77.0 90.6 44.6  Private3,46299.9 82.2 49.2 91.8 43.2 Total23,89498.7 96.0 71.6 89.1 41.1 [^2]

The lowest coverage rates of prenatal care were observed among indigenous women, those who lived in the North region, the less educated, and those who gave birth in public health care units ([Table 2](#t02){ref-type="table"}).

No differences were observed in the receipt of prenatal care cards by region of residence. Women who were more educated, who self-reported as white, older, and those receiving prenatal and child delivery care in private health care units reported having received prenatal care cards to a lesser extent. These women, along with those from the Midwest region, were the group that least frequently presented the prenatal card at the time of hospital admission for delivery ([Table 2](#t02){ref-type="table"}).

Fewer results for the first serological test were observed among women in the North, Northeast, and Midwest regions; those with lower education; those who self reported as black, mixed, or East Asian; younger women; and those who received prenatal and child delivery care in public health care units. A similar pattern was observed for the second serological test result, with the exception that no significant difference was observed between public and private health care units and for indigenous people, who had fewer medical records than those who self-reported their skin color as white ([Table 2](#t02){ref-type="table"}).

The estimated prevalence of syphilis in pregnancy was 1.02% (95%CI 0.84;1.25). The prevalence did not differ significantly by region and varied between 0.76% in the North region and 1.1% in the South region ([Table 3](#t03){ref-type="table"}). A negative correlation between the prevalence of syphilis and maternal education was observed, and the prevalence was 3.2 times larger among women with ≤ 7 years of education than those with higher education ([Table 3](#t03){ref-type="table"}). No significant differences were observed in the prevalence according to maternal age. Higher rates were found among women who self-reported their skin color as black (1.81%) or mixed (1.16%) when compared with those who self-reported as white (0.59%) ([Table 3](#t03){ref-type="table"}). A higher prevalence of syphilis was observed among women without prenatal care (2.5%) and among those who received prenatal care in public health care units (1.2%). The prevalence among postpartum women who received child delivery care in public or mixed health care units was three to four times higher than that of women attending private health care units ([Table 3](#t03){ref-type="table"}).

Table 3Prevalence of syphilis in pregnancy and prevalence ratio according to the maternal profile. Brazil, 2011-2012.Maternal profilenPrevalence of syphilis during pregnancy95%CIPR95%CIRegion      North2,2960.760.42;1.351  Northeast6,9041.080.71;1.631.490.70;3.15 Southeast10,1551.030.75;1.411.440.72;2.89 South2,9841.100.75;1.601.530.74;3.17 Midwest1,5550.960.46;2.001.350.51;3.54Maternal age (years)      12 to 194,5700.900.64;1.281  20 to 3416,8071.060.83;1.351.160.77;1.76 ≥ 352,5091.020.60;1.751.140.62;2.11Years of education      0 to 76,3221.741.25;2.413.241.47;7.12 8 to 106,0851.090.83;1.432.010.96;4.21 11 to 149,2630.580.43;0.791.080.49;2.35 ≥ 152,1090.540.26;1.121 Self-reported skin color      White8,0790.590.42;0.831  Black2,0511.811.18;2.753.171.78;5.65 Mixed13,4031.160.89;1.511.991.30;3.06 East Asian2571.450.28;7.062.520.46;13.86 Indigenous990.550.07;3.950.960.12;7.35Type of prenatal care service      No prenatal care3192.501.12;5.506.072.34;15.75 Public17,5751.200.98;1.472.851.75;4.64 Private5,9710.420.26;0.671 Type of child delivery care service      Public9,8361.371.03;1.814.242.07;8.69 Mixed10,5960.930.70;1.252.941.44;6.03 Private3,4620.320.17;0.611 Total23,8941.020.84;1.25  

Among women with non reactive results for the first serological test, 0.3% had a reactive result in the second serological test. In addition, 0.4% of those with non reactive test results for syphilis early in pregnancy were diagnosed with syphilis during the second prenatal care examination or during hospitalization for childbirth, when data from the medical records of postpartum women and newborns were collected ([Table 4](#t04){ref-type="table"}).

Table 4Relationship between the results of the first serological test and those of the second serological test for syphilis and diagnosis of syphilis performed during pregnancy and/or hospitalization for childbirth. Brazil, 2011-2012.First serological test/Second serological test or hospitalizationSecond serological testSyphilis diagnosis (gestation + hospitalization)Non reactiveReactiveNoYesn%n%n%n%Non reacrive6,87099.7180.314,79999.6610.4Reactive2943.33856.700116100.0

DISCUSSION
==========

The coverage of prenatal care for pregnant women in Brazil is virtually complete and reaches values \> 90.0% regardless of the geographic region or maternal profile. However, slightly lower coverage rates were observed in the North region and among less educated and indigenous women, probably because of geographical, cultural, and social barriers. This result indicates that distinct strategies are required to reach populations that are more vulnerable. Women without prenatal care had the highest prevalence of syphilis in pregnancy.

The provision of a prenatal card was seen to be a well-established practice, without regional differences, similar to the results obtained in a recent national study.[^c^](#fn4){ref-type="fn"} The lowest rate of provision of the card reported by women with highest schooling level, who self-reported as white and who were attended in private units probably resulted from the care model in the private sector, in which the prenatal and delivery care are provided by the same professional.

The test results were only ascertained among the women who presented the prenatal card at the time of hospital admission for delivery. However, testing coverage rates should not be overestimated: women with highest schooling level and who were attended in private health care units presented higher test coverage, but were the ones who least often presented a prenatal card

The proportion of women who presented records of the results from the first syphilis serological test was high, and higher than that observed in the sentinel surveillance study in 2006:[@r17] however, the coverage of 100% of pregnant women was not reached in any region of the country. The proportion of the results from the second syphilis serological test was lower but covered \> 50.0% of the pregnant women in the South region.

Women with lower schooling and who self-reported as black or mixed as well as those assisted in public health care units had the lowest testing coverage rate and the highest prevalence of syphilis in pregnancy. This result highlights the missed opportunities for diagnoses and intervention, particularly among women with increased risk of vertical transmission of syphilis.

The results of prenatal care and syphilis testing during pregnancy indicate that Brazil has achieved the goals recommended by WHO[@r20] for these process indicators in two regions, where coverage rates for both indicators were \> 90.0%. However, it was not possible to verify the gestational age at which testing was performed. The best results for the prevention of vertical transmission of syphilis are achieved when treatment is performed between the 24^th^ and the 28^th^ weeks of gestation.[@r1] The indicator considered essential for health care by WHO[@r20] is the national proportion of pregnant women infected with syphilis who receive at least one dose of penicillin G benzathine until the 24^th^ gestational week.

According to WHO,[@r20] delayed prenatal care is one of the barriers for the control of syphilis in pregnancy, and it is associated with fewer medical consultations and fewer routine examinations.[@r5] In the present study, delayed prenatal care (after the 12^th^ gestational week), was observed in 40.0% postpartum women (data not shown). Therefore, many pregnant women may have been diagnosed and treated after the recommended gestational age.

Other aspects of the control of syphilis in pregnancy in Brazil were not assessed in this study. However, the limited implementation of control strategies needs to be addressed. Local studies[@r4] ^,^ [@r6] ^,^ [@r9] have reported failure in the treatment of infected pregnant women according to the recommendations established by the Ministry of Health.[^d^](#fn5){ref-type="fn"} Data from the *Sistema de Informação de Agravos de Notificação* (SINAN -- Information System for Notifiable Diseases) indicate that the proportion of treated partners among the congenital cases of syphilis reported in Brazil was 11.5% in 2011.[^b^](#fn3){ref-type="fn"} By contrast, the goal of WHO[@r20] is the identification and treatment of \> 80.0% of the partners of pregnant women with syphilis with at least one dose of penicillin G benzathine.

The treatment of the partner is important to prevent reinfection during pregnancy and serves as an opportunity to treat and prevent new cases of sexually transmitted infections in the general population. A previous study on the vertical transmission of syphilis and HIV in the Americas and the Caribbean indicated that the goal to eliminate congenital syphilis in the region will only be achieved when strategies are adopted to decrease the prevalence of syphilis among pregnant women.[^e^](#fn6){ref-type="fn"}

In this study, the prevalence of syphilis in pregnancy was 1.02%, which is lower than that found in the sentinel surveillance studies in 2004 (1.6%) and 2006 (1.1%). However, when considering only the births that occurred in public health care units, which was the criterion used in these surveillance studies,[@r17] the prevalence was 1.2% (95%CI 1.0;1.5), which was an intermediate value compared with those obtained in these two studies.

In addition, the results of this study were similar to those of national studies conducted in the North[@r11] and Northeast regions[@r8]. In the Southeast region, Miranda et al[@r12] found a lower prevalence (0.4%) in Vitória, state of Espírito Santo, and Domingues et al[@r6] obtained a higher prevalence (1.9%) in Rio de Janeiro, state of Rio de Janeiro. In the South region, a lower prevalence of 0.43% was observed in Itajaí, state of Santa Catarina.[@r9] Botelho et al[@r2] found a prevalence of 2.69% in Mato Grosso do Sul, in the Midwest region.

The differences observed might be due to differences in the study scope, including geographical region (county, state, or macro-region), the definition of syphilis infection (clinical and/or laboratory), the data source (primary or secondary data), and clinical tests (nontreponemal or treponemal tests, used alone or in combination).

A high seroconversion was observed between the first and second serological test performed prenatally, and this result was previously observed in the 2006 sentinel surveillance study.[@r17] It is unlikely that this result reflects only the occurrence of new infections during pregnancy, because such a high incidence of syphilis would not be expected during pregnancy in an epidemiological scenario where the prevalence is practically constant. Difficulties related to syphilis testing during pregnancy are a plausible explanation, such as the lower sensitivity of nontreponemal tests in the early stages of the disease, in addition to the increased occurrence of false-positive test results during gestation.[@r14]

Although reactive tests do not necessarily indicate recent infection, these results reinforce the need for repeated serological tests for syphilis in late pregnancy and at admission for childbirth. This would allow the adequate diagnosis of infection, adoption of measures to prevent vertical transmission, and early treatment of newborns. The low coverage rate for the second serological test in all Brazilian regions shows the extent of missed opportunities to implement this control strategy in public and private health care units.

This study was conducted in institutions that performed \> 500 deliveries per year. It is likely that pregnant women having child deliveries at home, outside hospitals, or in smaller hospitals exhibit differential access to prenatal units and routine examinations. However, considering that \> 99.0% child deliveries are performed in hospitals in Brazil, and approximately 80.0% of these deliveries occur in larger hospitals,[@r10] significant differences in coverage rates are unlikely. In addition, syphilis prevalence may be underestimated because women with miscarriages were not assessed in this study and syphilis is a known cause of abortion.

The failure to perform standardized serological tests and the use of secondary data for the estimation of syphilis prevalence are the other limitations of the study. However, the last sentinel surveillance study conducted in Brazil used a similar methodology[@r17] and highlighted that it adequately reflects the actual conditions under which the tests are performed in routine health care units for diagnosis of syphilis and for the definition of the measures to be adopted.

In conclusion, the prevalence of syphilis in pregnancy found in the present study was 1.02%. Furthermore, significant improvements were observed in the expansion of coverage of prenatal care and diagnostic testing for syphilis. However, regional and social inequalities in access to health care units, coupled with other gaps in health care, such as the low coverage rate in the treatment of partners of pregnant women, contribute to the persistence of congenital syphilis as a major public health problem in Brazil.

The higher prevalence of syphilis among pregnant women who were less educated, who self-reported as black or mixed as well as among those without prenatal care and who received assistance at public health care units suggests that these groups are more exposed to infection and should receive greater attention from syphilis control programs during pregnancy.
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